Abstract In this research a Controlled Diffusion (CD) compressor cascade stator blade is simulated at a Reynolds number of ∼700,000, based on inflow velocity and chord length, using Large Eddy Simulation (LES). A wide range of flow inlet angles are computed, including conditions near the design angle, and at high negative and positive incidence. At all inlet angles the surface pressure distributions are wellpredicted by the LES. Near the design angle the computed suction side boundary layer thickness agrees well with experimental data, whilst the pressure side boundary layer is poorly predicted due to the inability of LES to capture natural boundary layer transition on the present grid. A good estimation of the loss is computed near the design angle, whilst at both high positive and negative incidences the loss is less well predicted owing to discrepancies between the computed and experimental boundary layer thickness. At incidences above the design angle a laminar separation bubble forms near the leading edge of the suction surface, which undergoes a transition to turbulence. Similar behaviour is noted on the pressure surface at negative incidence. At high negative incidence contra-rotating vortex pairs are found to form around the leading edge in response to an unsteady stagnation line across the span of the blade. Such structures are not apparent in time-averaged statistical data due to their highly-transient nature.
Introduction
In recent years the design of gas turbine compressor components has been complemented by the emergence of Computational Fluid Dynamics (CFD) in the design process. In a design context CFD must be capable of producing accurate flow solutions within a very strict timeframe, and this has limited the CFD techniques used in the design process to Reynolds-Averaged Navier-Stokes (RANS) methods. As the desire for more efficient gas turbines and, in particular, civilian aircraft engines becomes an increasing focus of research, the margins for improvements in efficiency through design advances have become increasingly small. In order to further understand the physical processes which lead to loss in turbomachinery designs a computational method that offers both a high spatial resolution and a time-accurate description of the flow is required. Whilst fully-resolved Direct Numerical Simulation (DNS) will remain limited to moderate Reynolds number flows in simple geometries for the foreseeable future [1, 2] , advances in modern super-computing power have made both Large Eddy Simulation (LES) and Detached Eddy Simulation (DES) viable options for industrial use.
The majority of published research has focused on simulations of the mid-span of blades in linear cascades. Whilst computationally expensive, DNS has been performed for such turbine cascades at transitional Reynolds numbers [3] . LES of turbine cascades have been performed at conditions that match reference DNS data [4] , and it was found that the LES predicted a transition on the suction side of the blade that was delayed by some 10% when compared to the DNS. This was attributed to the coarse grid used in the simulation and highlights the resolution requirements for wall-bounded simulations. In all of the above simulations the incoming wakes were included in the simulations through the use of precursor calculations [5] . The effect of small-scale turbulence embedded within the wakes was studied by Wissink et al. [6] , who concluded that whilst the large-scale motion of the wake triggers the Kelvin-Helmholtz (K-H) instability on the suction side of the blade, the small scale disturbances embedded into the wake flow seed the transition to turbulence in the shear layer flow.
Relatively few published studies of compressor-type flows have been performed using LES. Pioneering work in the area by You et al. [7] established a computational framework within which Large Eddy Simulations of the loss mechanisms in rotor tip-clearance flows were investigated [8] , including the effect of varying tip-gap size [9] . Based on the findings of this work, further efforts were made to improve turbulence modelling of the flow in turbomachinery [10] . The influence of freestream turbulence on transition on turbine blades has been investigated using LES [11] , highlighting the need for reasonably posed inlet conditions. Simulations of a linear compressor cascade at a moderate Reynolds number was studied by Zaki et al.
[12]-the periodically passing wake caused the suction-side flow to separate and rollup into discrete K-H vortices. On the pressure side the flow underwent a bypass transition due to the passing of the wake.
In a more generic context LES has been extensively used to simulate flow features that occur in turbomachinery using simple geometries. The laminar separation and transition to turbulence of a boundary layer have been simulated both on a flat plate [13] and on a geometry that includes a curved leading edge [14] . In both cases the simulation results compared well with experiment and elucidated the transition
